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Abstract
Emergency department (ED) crowdedness is a global phenomenon that can lead to many
adverse effects. The relationship of crowdedness and emergency department cardiac
arrest (EDCA) occurrence is still debated. The COVID-19 pandemic precipitated a
change in the patient volume of the ED and the crowdedness of the ED varied with
the epidemic in a continuous period. Different degrees of crowdedness provided us with
an opportunity to study the relationship between crowdedness and EDCA occurrence.
Our aim of this study was to determine the relationship between EDCA occurrence and
prognosis and ED crowdedness.This was a longitudinal study conducted in a tertiary
teaching hospital. The study period was from October 1, 2019, to September 30, 2020,
and was divided into three periods according to daily patient volume and crowdedness.
All nontraumatic and adult EDCA patients during the study period were included,
and out-of-hospital cardiac arrest (OHCA) patients and patients with do-not-resuscitate
orders were excluded.During the study period, a total of 126 EDCA patients were
included. The ratio of EDCA events to daily patient volume was compared among these
3 periods, and there was no significant difference (P2: p = 0.109, P3: p = 0.761, P1
as reference). No significant difference in the prognosis of EDCA patients was found
among the 3 periods, regardless of the return of spontaneous circulation (ROSC) (p =
0.437) or survival rates (p = 0.838). In conclusion, there was no obvious correlation
between ED crowdedness and EDCA occurrence. The prognosis of EDCA patients
was not significantly associated with crowdedness. The metrics of ED overcrowding is
unknown and may need further study to develop a generally accepted standard or index.
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1. Introduction

Increased patient volume and crowdedness at the emergency
department (ED) are global phenomena in past decades [1]. ED
overcrowding is common in Taiwan because of the National
Health Insurance and medical accessibility. This phenomenon
could lead to many adverse effects, including higher stress of
ED staff, increased frequency of incorrect or contraindicated
medications, delayed antibiotic therapy, and elevated mortality
in critically ill patients [2–6].
In-hospital cardiac arrest (IHCA) is a critical situation

and higher mortality rates were noted in patients with
IHCA episodes than patients without IHCA episodes [7].
The proportion of emergency department cardiac arrest
(EDCA) is approximately 9–11% among IHCA patients
[8]. EDCA patients may have different characteristics
from other IHCA patients in the wards or ICUs, and more
studies focused on EDCA patients have been conducted in

recent years [9]. The prediction of EDCA occurrence and
prognosis by scoring systems or machine learning facilitated
detection of patients with higher risk of cardiac arrest, and
the application of ultrasound or airway management assisted
physicians to treat EDCA patients more accurately [10–14].
However, crowdedness is a unique problem for EDCA
patients, which makes these patients differ from other IHCA
patients. The medical behaviors of physicians may change
in an overcrowding environment, and a variety of adverse
moral consequences including delays in providing needed
care, compromised privacy and confidentiality, impaired
communication, and diminished access to care could happen
[15]. Previous research has shown diverse results regarding
the relation between overcrowding and EDCA occurrence
[16, 17]. The relation of crowdedness and EDCA occurrence is
still debated. In addition, the medical behaviors of physicains
and the prognosis of EDCA patients in EDs with different
degrees of crowdedness were not found in previous research.
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The COVID-19 pandemic has changed global health sys-
tems. The patient volume in EDs changed due to the epidemic
in Taiwan [18]. Decreased patient volume and ED crowded-
ness was noted during COVID-19 pandemic due to fear of
getting infected and the policy of quarantine.This significant
difference in patient volume over different periods provided us
with an excellent opportunity to study the relationship between
crowdedness and EDCA in a continuous period with similar
members, facilities, and medical conditions. The aim of this
study was to determine the relationship between crowdedness
and the occurrence, prognosis, and other characteristics of
EDCA patients.

2. Material and methods

2.1 Study design
This was a longitudinal study conducted at a university-
affiliated tertiary teaching hospital in Taiwan with a
3600-bed capacity and an estimated annual ED volume
of 180,000 patient visits. The study was approved by our
institutional review board (IRB number 201901062B0). This
work was funded by the Chang-Gung Memorial Hospital
(CMRPG3J1221).

2.2 Study setting and population
This study was conducted in an emergency department com-
posed of a medical ED, trauma ED, and pediatric ED. Non-
traumatic adult patients (age ≥18 years) visited the medical
ED with an estimated 108,000 annual patient visits. There
were 44 attending physicians, 28 residents and 219 nurses with
an advanced cardiovascular life support (ACLS) certificate
working in the medical EDs in 2019.
The study period ran from October 1, 2019, to September

30, 2020. The study time was further divided into three
periods according to patient volume, which was affected by
the COVID-19 epidemic. The first patient with COVID-19 in
Taiwan was confirmed on January 11, 2020. The pre-epidemic
period (P1) was defined as the period from October 1, 2019,
to January 31, 2020. The epidemic period (P2) was defined
as the period from February 01, 2020, to April 30, 2020,
because the last local case was diagnosed on April 12, 2020,
before the new epidemic in 2021 in Taiwan. The wash-out
effect was considered to take place in P2. The late epidemic
period (P3) was defined as the period from May 01, 2020, to
September 30, 2020. Data from patients visiting our ED during
the study period were extracted from the electronic medical
record system of the hospital. We analyzed the registry data of
all consecutive, nontraumatic adult EDCA patients during the
study period. Out-of-hospital cardiac arrest (OHCA) patients
and patients with do-not-resuscitate orders were excluded.
Data representing crowdedness, such as daily patient vol-

ume, patient volume of each shift, number of patients staying in
the ED, number of patients waiting for admission and number
of patients staying in the ED for more than 48 hours, were all
recorded. Characteristics of EDCA patients, such as age, sex,
triage acuity level, vital signs, and diagnosis, were collected
with a designed form. Medical behaviors that represented the
awareness of physicians and nurses of high-risk patients, such

as the use of monitoring and the last time vital signs were
checked before EDCA, were also recorded.

2.3 Outcome measures
The primary outcomewas EDCAoccurrence between different
periods. Characteristics, diagnosis, medical behaviors, like
use of monitor and the time of checking vital signs, and
prognosis, such as return of spontaneous circulation (ROSC)
and the survival rate in these periods, were also compared and
analyzed.

2.4 Statistical analysis
The data were analyzed using SPSS software (version 13.0
for Windows; SPSS, Chicago, IL, USA). Categorical variables
are presented as numbers and percentages. The occurrence
of EDCA was modeled using Poisson distribution as it is the
occurrence of a rare event in a given period of time or for every
certain amount of patient visits. The EDCA data was presented
in non-negative integral form and different EDCAs are taken
to be independent events. The demographics and character-
istics were analyzed using one-way ANOVA for continuous
variables and Pearson’s chi-square test or Fisher’s exact test
for categorical variables. A p value < 0.05 was considered to
be statistically significant.

3. Results

During the study period (October 1, 2019–September 30,
2020), a total of 92,763 emergency room visits were recorded;
126 EDCA patients were included. The average daily ED
volumewas the highest in P1 (299.25/day) and the lowest in P2
(207.78/day) (Table 1). The average daily EDCA occurrence
was 0.37, 0.37, and 0.28 in P1, P2, and P3, respectively,
without significance (P2: p = 0.992, P3: p = 0.216, P1 as
reference). The ratio of EDCA events to visited patients was
also compared among these 3 periods, and the ratio increased
in P2 and P3 comparing to P1 without significance (P2: p =
0.109, P3: p = 0.761, P1 as reference). The trends of daily ED
volume and number of EDCA events are shown in Fig. 1.
Table 2 demonstrates different indicators of ED crowded-

ness at EDCA event occurrence in different periods. Patient
volume of the day and of the shift reflected the number of new
patient that physcians needed to approach. Patient amount at
ED and observation room meant the patient number that ED
staff had to care at that time. Patient amount waiting admission
and staying more than 48 hours revealed the condition of
stasis. These five indicators (patient volume of the day, patient
volume of the shift, number of patients at the ED, number of
patients waiting for admission, and number of patients staying
at the ED for more than 48 hours) revealed consistent results.
P1 was the most crowded period, and P2 was the least crowded
period (p< 0.001). The correlation analysis between ED daily
volume and EDCA occurrence was done and the association
was not significant in any single period (–0.304 in P1 (p =
0.706) , –0.067 in P2 (p = 0.532), and 0.08 in P3 (p = 0.328))
or overall period (r = –0.066, p = 0.206).
The characteristics of EDCApatients were compared among

the different periods (Table 3). There were no significant
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TABLE 1. Patient volume and EDCA occurrence.
P1 P2 P3 p value

ED volume/day 299.25 ± 37.68 207.78 ± 42.60 245.26 ± 25.41 p < 0.001*
EDCA event/day 0.37 ± 0.60 0.37 ± 0.68 0.28 ± 0.48 P2: p = 0.992

P3: p = 0.216
(P1 as reference)

EDCA event/ED volume 0.001358 0.001764 0.001542 P2: p = 0.109
P3: p = 0.761

(P1 as reference)
ED, emergency department; EDCA, emergency department cardiac arrest.

FIGURE 1. EDCA (emergency department cardiac arrest) occurrence and daily ED patient volume.

TABLE 2. ED Crowdedness at EDCA event.
P1 P2 P3

Patient volume of the day 482.42 ± 63.25 271.00 ± 64.32 371.49 ± 36.22 p < 0.001*
Patient volume of the shift 167.64 ± 43.44 99.55 ± 36.72 124.95 ± 35.21 p < 0.001*
Patient amount at ED 166.24 ± 34.24 105.33 ± 24.27 115.72 ± 26.59 p < 0.001*
Patient amount waiting admission 131.12 ± 37.21 80.85 ± 17.49 87.60 ± 24.53 p < 0.001*
Patient amount staying more than 48 hours 39.84 ± 16.33 23.03 ± 15.48 17.70 ± 7.89 p < 0.001*
ED, emergency department; EDCA, emergency department cardiac arrest.

differences in sex (p = 0.186), age (p = 0.798), or triage level
(p = 0.771). No significant difference existed in triage vital
signs except body temperature (p = 0.029). There were no
significant differences in the percentage of monitor use (p =
0.316) or the last time vital signs were checked (p = 0.101)
among the different periods. Table 4 shows the prognosis of
EDCA patients in the 3 periods. The prognosis of EDCA
patients was better in P1 than P2 or P3, but no significant
differences were found, either ROSC (p = 0.437) or survival
rates (p = 0.838).

4. Discussion

Research on IHCA began early, and EDCA was included
in IHCA in this early stage. However, the characteristics
of EDCA patients were quite different from those of IHCA
patients in wards or ICUs [9]. Patients in the ED may not
be observed as thoroughly and may not have adequate time to
receive treatment. Another important difference of EDs from
inpatient hospital wards is that patient volume may exceed the
limit of facility and manpower in a short time, which could
affect the medical quality. Thus, crowdedness is a unique



36TABLE 3. Characteristics of EDCA and total ED patients.
EDCA patients Total ED patients

P1 (N = 50) P2 (N = 33) P3 (N = 43) P1 (N = 35975) P2 (N = 18338) P3 (N = 36618)
Sex, male (%) 37 (74.00%) 18 (54.55%) 28 (65.12%) p = 0.186 17950 (49.89%) 9477 (51.67%) 18626 (50.86%) p < 0.001
Age, years 68.52 ± 14.22 67.70 ± 15.42 66.44 ± 15.29 p = 0.798 54.53 ± 19.47 53.89 ± 19.61 55.31 ± 19.32 p < 0.001
Triage level (%) p = 0.771 p < 0.001
I 16 (32%) 9 (27.3%) 174 (0.0%) 1306 (3.63%) 747 (4.07%) 1411 (3.85%)
II 22 (44%) 16 (48.5%) 15 (34.9%) 4712 (13.09%) 2597 (14.1%) 4976 (13.58%)
III 12 (24%) 8 (24.2%) 11 (25.6%) 27515 (76.48%) 13042 (71.12%) 28233 (77.10%)
IV 2293 (6.37%) 1754 (9.56%) 1864 (5.09%)
V 148 (0.41%) 197 (1.07%) 130 (0.69%)
Triage vital signs
Temperature (℃) 36.42 ± 1.19 35.98 ± 1.42 36.79 ± 1.33 p = 0.029* 36.58 ± 1.08 36.72 ± 1.10 36.83 ± 0.98 p < 0.001
Heart rate (beat per minute) 100.24 ± 31.12 95.27 ± 30.26 100.53 ± 30.54 p = 0.714 92.00 ± 20.33 93.71 ± 20.77 90.38 ± 20.20 p < 0.001
Respiratory rate (time per minute) 22.37 ± 8.28 24.41 ± 7.68 22.19 ± 6.32 p = 0.387 18.23 ± 3.01 18.30 ± 2.95 18.36 ± 2.84 p < 0.001
Systolic blood pressure (mmHg) 105.20 ± 42.12 108.91 ± 31.42 101.28 ± 50.89 p = 0.743 138.35 ± 29.60 142.43 ± 30.64 139.57 ± 29.95 p < 0.001
Medical behaviors
Monitor use (%) 42 (84.00%) 24 (72.73%) 31 (72.09%) p = 0.316
Last checked time of vital signs before EDCA (minutes) 84.76 ± 103.34 49.97 ± 93.45 48.60 ± 68.06 p = 0.101
Cardiogenic cause (%) 12 (24%) 9 (27.3%) 5 (11.6%) p = 0.186
Initial Rhythm p = 0.359
VT/VF (%) 4 (8%) 4 (12.1%) 3 (7%)
PEA (%) 34 (68%) 23 (69.7%) 36 (83.7%)
Asystole (%) 12 (24%) 6 (18.2%) 4 (9.3%)
ED, emergency department; EDCA, emergency department cardiac arrest; VT, ventricular tachycardia; VF, ventricular fibrillation; PEA, pulseless electrical activity.
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TABLE 4. Prognosis of EDCA patients.
P1 (N = 50) P2 (N = 33) P3 (N = 43)

ROSC (%) 31 (62%) 19 (57.6%) 21 (48.8%) p = 0.437
Survival (%) 24 (48%) 15 (45.5%) 18 (41.9%) p = 0.838
EDCA, emergency department cardiac arrest; ROSC, return of
spontaneous circulation.

problem in the ED. For the above reasons, EDCA was sepa-
rated from IHCA and studied as an independent group in recent
years [10–12, 16, 17, 19]. Our study focused on the relation-
ship between EDCA patients and degree of ED crowdedness,
and revealed that EDCA event coccurence was not associated
to crowdedness. There was no difference of medical behaviors
such asmonitor use and the time interval of checking vital signs
in different crowdedness. ROSC and survival rates of EDCA
patients were slightly higher in the crowding period without
significance.
Crowdedness was assumed to affect medical quality and

possibly be associated with EDCA occurrence, but the results
of research showed diverse results. Chang et al reported that
high ED crowdedness increased the EDCA incidence [16]. In
this study, the ED bed occupancy rate (EDBOR)was used as an
overcrowding index by calculating the ratio of the total number
of filled beds divided by the total number of licensed ED
beds. However, a different result was found in another similar
study using the same index of EDBOR [20]. One possible
explanation is that EDBOR might not reflect the proportion
of critically ill patients. Another reason is that crowdedness
could be dynamic and changes rapidly, so EDBOR may not be
calculated as a real-time index. Although these previous stud-
ies suggested some parameters that reflect ED crowdedness,
no single universally accepted or standardized measure of ED
crowdedness existed [21]. The same parameter could represent
diverse conditions in different hospitals or countries.
The COVID-19 epidemic began in 2019. Although the epi-

demic was well controlled in Taiwan in 2020, it still influenced
health systems and hospitals [22, 23]. The patient volume of
EDs significantly decreased in the epidemic period due to quar-
antine policies and fear of becoming infected with COVID-19
[18]. This continuous period showed different degrees of ED
crowding without obvious changes in patient characteristics
or ED staff composition. No significant difference in EDCA
occurrence was found to be associated with crowdedness in
our study. A possible explanation is that the crowdedness of
our study periods did not achieve “overcrowding”. Without
achieving the degree of overcrowding, EDCA occurrence is
not significantly associated with crowdedness.
The occurrence of IHCA/EDCA, in many cases, could be

considered preventable in some research since clinical dete-
rioration may be observed prior to cardiac arrest [24, 25].
For example, Pediatric Early Warning Scores (PEWS) were
used in pediatric hospitalised patients to detect physiological
deterioration, but most evidence has come from research based
on paediatric inpatients in specialist children’s hospitals, but
the evidence of using this score at ED was still limited [26,
27]. No standard predictive model has sufficient sensitivity
and specificity to identify high-risk patients in the beginning

at ED [28]. Close observation and monitoring of high-risk
patients may be the most useful method to prevent cardiac
arrest events [7]. In our study, monitor use in high risk
patients and obtaining frequent vital signs could be useful
methods to prevent EDCA occurrence. The percentage of
monitor use and frequency of checking vital signs were not
different among the periods, whichmeans that the awareness of
physicians and nurses remained the same and was not affected
by crowdedness. This could be another reason why there was
no difference in EDCA occurrence among the three periods.
Crowdedness was not high enough to negatively affect the
attention and quality of care in the study.
There are known factors associated with clinical outcomes

of IHCA patients; for example, presenting rhythm and cardio-
genic cause are associated with increased survival [29, 30].
Early initiation of CPR and good quality chest compressions
are also associated with better outcomes for IHCA patients [31,
32]. In our study, the prognosis of EDCA patients was shown
to be uncorrelated to ED crowding in our study, regardless of
the ROSC or survival rate. The early detection of cardiac arrest
occurrence, immediate resuscitation, and adequate experience
among medical personnel performing CPR despite the degree
of crowdedness at the ED were possible reasons [17, 31, 32].
Similar results were reported in a previous study of OHCA
patients [33]. This study, conducted by Kang et al. [33], found
that ED overcrowding was not associated with the prognosis of
OHCA or the quality of CPR.
Another finding was that EDCA occurrence was slightly

elevated in the early epidemic period (P2) for a short time.
This may be attributed to newly implemented policies for the
COVID-19 epidemic, including the use of personal protective
equipment and the establishment of quarantine areas [34, 35].
These new changes may have caused obstacles in treating
patients immediately and smoothly compared to normal con-
ditions.

5. Limitations

This study has several limitations. First, this study was con-
ducted in a single hospital in one country, and selection bias
existed and influenced the results. Second, our research was
performed in a medical center and may not reflect the situa-
tion in the regional or local hospitals, which have less man-
power and facilities and could be more significantly affected
by crowdedness. Third, some confounding factors and patient
characteristics, such as underlying diseases, pre-existing con-
ditions, patient care given, chief complaints, and treatment,
were not included in our analysis. Fourth, several indicators
related to ED volume were used to measure crowdedness in
our study, but other indicators, such as EDBOR were not
adopted, so they may not comprehensively reflect crowded-
ness. Finally, the crowdedness of our study periods may
not achieve “overcrowding” and crowdedness was not high
enough to negatively affect the attention and quality of care in
the study. Without achieving the degree of overcrowding, the
results of our study may not reflect the relationship between
EDCA occurrence and ED crowdedness completely.
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6. Conclusions

Our study findings suggest no statistically significant associ-
ation between ED crowdedness and EDCA occurrence during
the COVID-19 pandemic. It is necessary, however, to further
evaluate a means of comprehensively measuring ED crowded-
ness and its effects on the delivery of patient care. The standard
and metrics of ED overcrowding are unknown and may need
further study to develop a generally accepted standard or index.
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